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1
DEVICE AND METHOD FOR IMPROVING
READING SPEED OF MEMORY

PRIORITY APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/801,500, filed 13 Mar. 2013 entitled Device and
Method for Improving Reading Speed of Memory, and has
issued as U.S. Pat. No. 9,001,604 on 7 Apr. 2015, and is
incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to integrated circuit memory
devices, and to circuitry for providing output data on such
memory devices.

2. Description of Related Art

Integrated circuit memory devices are becoming denser
and faster. Groups of sense amplifiers are used for reading
data from memory arrays. There can be a large number of data
lines used to transfer output data from banks of sense ampli-
fiers to output circuits on the memory devices, which can
include multiplexers and output buffers. To save layout area,
data lines can be placed closely together. However, one side
effect is that the capacitive coupling effect between the data
lines degrades the signal transition time and slows down the
reading speed because of the delay from the output of the
sense amplifiers to the output circuits.

It is desirable to improve reading speed on integrated cir-
cuits by addressing these problems.

SUMMARY

A memory device includes a plurality of sense amplifiers
coupled with an array of memory cells, and a plurality of
output data lines receiving outputs of corresponding sense
amplifiers in the plurality of sense amplifiers. The memory
device includes a plurality of precharge circuits configured to
apply a precharge voltage on the output data lines. The pre-
charge circuits precharge the output data lines before the
sense amplifiers drive output data signals to the output data
lines. The memory device includes a controller that provides
control signals to the sense amplifiers in the plurality of sense
amplifiers and to the precharge circuits in the plurality of
precharge circuits, including to cause the precharge circuits to
precharge the output data lines before the sense amplifiers
drive output data signals to the output data lines. The plurality
of sense amplifiers includes banks of sense amplifiers, and
each bank includes a sense amplifier having an output driving
each output data line in the plurality of output data lines. The
memory device further includes data output multiplexers hav-
ing inputs coupled to the output data lines, and the precharge
circuits are coupled to the output data lines between outputs
of the sense amplifiers and the data output multiplexers.

A method for sensing data using the memory device is also
provided.

Other aspects and advantages of the present invention can
be seen on review of the drawings, the detailed description
and the claims, which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified block diagram of a memory device
illustrating output data lines used for carrying sensed data
from selected memory banks to data output multiplexers.
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FIG. 2 is a schematic diagram illustrating a circuit includ-
ing output data lines receiving outputs of sense amplifiers and
with parasitic capacitances in-between (Prior Art).

FIG. 3 is a timing diagram illustrating transfer timing on
output data lines for the circuit illustrated in FIG. 2 (Prior
Art).
FIG. 4 is a schematic diagram illustrating an embodiment
of precharge circuits configured to apply a precharge voltage
on output data lines in a memory device in accordance with
the present invention.

FIG. 5 is a schematic diagram illustrating an example of
output data lines driven by sense amplifiers and coupled to
precharge circuits with control signals in a memory device.

FIGS. 6 and 7 are timing diagrams for the embodiment of
precharge circuits illustrated in FIGS. 4 and 5.

FIG. 81s a schematic diagram illustrating a second embodi-
ment of precharge circuits configured to apply a precharge
voltage on output data lines in a memory device in accordance
with the present invention.

FIGS. 9 and 10 are timing diagrams for the embodiment of
precharge circuits illustrated in FIG. 8.

FIG. 11 is a simplified block diagram of a memory device
according to an embodiment.

DETAILED DESCRIPTION

A detailed description of embodiments of the present
invention is provided with reference to the FIGS. 1-11.

FIG. 1 is a simplified block diagram illustrating a memory
device including output data lines used for carrying sensed
data from selected memory banks to data output multiplexers.
The memory device includes a plurality of sense amplifiers
coupled with an array of memory cells, a plurality of output
data lines receiving outputs of corresponding sense amplifiers
in the plurality of sense amplifiers, and a plurality of pre-
charge circuits configured to apply a precharge voltage on the
output data lines. The plurality of sense amplifiers includes a
plurality of banks of sense amplifiers, and each bank includes
a sense amplifier having an output driving each output data
line in the plurality of output data lines.

In the example shown in FIG. 1, the memory device
includes N memory banks Bank 1, Bank 2, . . . Bank N, where
Ncanbe4,8, 16, etc. The memory device includes 128 output
data lines including output data lines DL, DL,, DL, _,, DL,
DL,,.,,DL,,;, and DL, ,¢. Each memory bank can include an
array of memory cells, including a plurality of columns and a
plurality of rows. In the example shown in FIG. 1, each bank
can include 128 columns. A row decoder 140 is coupled to a
plurality of word lines, and a column decoder 170 is coupled
to a plurality of bit lines. Sense amplifiers 180 are coupled to
the column decoder 170 on inputs of sense amplifiers 180.

Inthe example shown in FIG. 1, the memory device further
includes data output multiplexers 193 that have inputs
coupled to the output data lines DL, DL,, DL,,_,, DL,
DL,,,,DL,,,,and DL, . Precharge circuits 190 are coupled
to output data lines e.g. DL, DL,, . . ., DL,_,, DL,,
DL,,,,...,DL,,,, and DL, ,, between outputs of the sense
amplifiers 180 and inputs of the data output multiplexers 193.
Output data are supplied via output data lines DL,
DL,,...,DL,_,,DL,,DL,,,,...,DL,,,, and DL, from
outputs of the sense amplifiers 180 to inputs of the data output
multiplexers 193. Data output multiplexers 193 select sensed
data on the 128 output data lines, and output sensed data from
a subset of the 128 output data lines. In one embodiment, data
output multiplexers 193 can output 16 bits of data from 16
output data lines among the 128 output data lines. Output
drivers 197 have inputs coupled to outputs of data output
multiplexers
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193 via data lines 195. Output drivers 197 drive selected
sensed data to destinations external to the memory device.

An output data line (e.g. DL,,) among the 128 output data
lines can be coupled to a corresponding sense amplifier in
each of the N memory banks. For example, if N=16, the
output data line DL, can be coupled to outputs of 16 sense
amplifiers, where each of the 16 sense amplifiers is from a
different memory bank. If a memory bank is selected, for
example by a bank decoder 150, output buffer of a sense
amplifier for the memory bank can actively drive an output
dataline (e.g. DL,,) to a voltage level corresponding to data at
new logic level (1 or 0). Alternatively, if a memory bank is
selected, output buffer of a sense amplifier for the memory
bank can be at a high impedance state, not driving the output
data line that receives output of the sense amplifier. If a
memory bank is not selected, output buffers of sense ampli-
fiers for the memory bank are at a high impedance state, not
driving the output data lines that receive outputs of the sense
amplifiers.

Because of the multiplicity of the output data lines (e.g.
128), the lengths of the output data lines, and the tight place-
ment of the output data lines, parasitic capacitance among
output data lines can require extra charging time during data
transitions and thus affect data rates for data transfer on the
output data lines. For instance, output data lines can have a
length of about 5,000 um (micrometers), a width of about 0.4
um, a thickness of about 0.8 pum, a spacing between two
adjacent output data lines of about 0.4 pum, and parasitic
capacitance of 0.5 pF (picofarads) between two adjacent out-
put data lines. Most output data lines have adjacent output
data lines on both sides so the combined parasitic capacitance
coupledto a single output data line can be twice 0.5 pF or 1 pF.

To minimize the effects of parasitic capacitance on data
transfer timing and consequently data rates, precharge cir-
cuits 190 precharge parasitic capacitances between output
data lines simultaneously with sensing operations performed
by sense amplifiers 180. Precharge circuits 190 and opera-
tions by precharge circuits 190 are further described herein.

FIG. 2 is a schematic diagram illustrating a circuit includ-
ing output data lines receiving outputs of sense amplifiers and
with parasitic capacitances in-between (Prior Art). The output
data lines carry sensed data from outputs of sense amplifiers
to data output multiplexers. In the example shown in FIG. 2,
data output multiplexers 293 select sensed data on 128 output
data lines from a memory bank, and provide sensed data from
a subset of the 128 output data lines to the output drivers 297
via data lines 295. The output data lines have parasitic capaci-
tances between adjacent output data lines. As an example,
FIG. 2 illustrates output data lines DL, DL,, ..., DL, _,,
DL,,DL,,,,...,DL,,,, and DL,,5 in a memory array. In
embodiments, the number of output data lines can be 64, 128,
256 etc, corresponding to the number of columns ina memory
array. Each output data line is driven by a sense amplifier. For
instance, as illustrated, output data lines DL, DL,, . . .,
bL,_,, DL,, DL,,,, DL,,,, and DL, are driven by sense
amplifiers 221-227.

FIG. 2 illustrates parasitic capacitances 251-256 between
output data lines DL, DL,,..., DL, ,,DL DL, ., ...,
DL, ,,, and DL 5. In the example shown in FIG. 2, parasitic
capacitance 251 is between adjacent output data lines DL,
and DL,, and parasitic capacitance 256 is between adjacent
output data lines DL, ,, and DL, 5.

In the example shown in FIG. 2, each of the sense ampli-
fiers 221-227 has a sense node V ; ;, a second input coupled
to a reference voltage V-, and an output connected to an
output data line. The sense node V ;, is coupled to a
selected memory cell in the memory array via column decod-
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4

ers. A sensing signal SAEN and an output control signal
SAOUT are coupled to each of the sense amplifiers 221-227.

FIG. 3 is a timing diagram illustrating transfer timing on
output data lines for the circuit illustrated in FIG. 2 (Prior
Art). FIG. 3 illustrates data on output data lines DL, _,, DL,
and DL, ,, that switch between a first voltage level VDD
corresponding to data at logic high and a second voltage level
GND corresponding to data at logic low. FIG. 3 illustrates a
sensing interval as between the transition 310 from logic low
to logic high in the sensing signal SAEN at time t1, and the
transition 320 from logic low to logic high in the output
control signal SAOUT at time t2. Alternatively, the transition
in the sensing signal SAEN can be from logic high to logic
low, and the transition in the output control signal SAOUT
can be from logic high to logic low. During an initial interval
that ends at time t1, data on output data lines DL,,_,, DL, and
DL,,,, are retained from previous sensing operations. During
the sensing interval between time t1 and time t2, data on
output data lines DL,,_,, DL, and DL,,,, , remain unchanged.
When an output interval starts at time t2 subsequent to the
sensing interval, data on output data lines DL,,_,, DL, and
DL,,,, begin to change as driven by output buffers in the sense
amplifiers from voltage levels corresponding to data retained
from previous sensing operations to voltage levels corre-
sponding to currently sensed data.

In the example shown in FIG. 3, data on output data lines
DL,,_,, and DL,,, , change from VDD to GND, while data on
output data lines DL, changes from GND to VDD. In refer-
ence to FIG. 2, the parasitic capacitance 253 is between
output data lines DL,,_, and DL, and the parasitic capaci-
tance 254 is between output data lines DL, and DL, ;. Con-
sequently, voltage on one terminal of the parasitic capaci-
tance 253 changes from VDD to GND, while voltage on
another terminal of the parasitic capacitance 253 changes
from GND to VDD. Further, voltage on one terminal of para-
sitic capacitance 254 changes from GND to VDD, while
voltage on another terminal of the parasitic capacitance 254
changes from VDD to GND.

In general, change in voltage difference across a parasitic
capacitance can lead to capacitive charging, which in turn
causes delay in transfer timing from one voltage level to
another voltage level, since the transfer timing is a function of
capacitance. Both the parasitic capacitance 253 and the para-
sitic capacitance 254 are coupled to the output data line DL,,.
A worst case in transfer timing occurs for the output data line
DL, when the output data lines DL,,_,, and DL,,,, have a
direction of voltage change (e.g. VDD to GND) opposite a
direction of voltage change (e.g. GND to VDD) for DL,,, and
both parasitic capacitances coupled to the output data line
DL,, are charged simultaneously by the sense amplifier
coupled to the output data line DL, causing extra timing
delay.

If an output data line charges a parasitic capacitance from
GND to VDD via one of two terminals of the parasitic capaci-
tance, while the other one of the two terminals remains at
GND (e.g. 0V) during the charging process, then the charge
provided by the sense amplifier coupled to the output data line
can be characterized as CCxVDD, where CC is the capaci-
tance of the parasitic capacitance.

If an output data line (e.g. DL,) charges two parasitic
capacitances (e.g. 253, 254) from GND to VDD via one of
two terminals of each of the two parasitic capacitances, while
the other one of two terminals of each of the two parasitic
capacitances remains at GND during the charging process,
then the total charge provided by the sense amplifier coupled
to the output data line DL, can be characterized as 2xCCx
VDD.
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In the worst case example shown in FIG. 3, an output data
line (e.g. DL,) charges two parasitic capacitances (e.g. 253,
254) from GND to VDD via first terminals of two terminals of
both parasitic capacitances, while voltages at second termi-
nals of the two terminals of both parasitic capacitances simul-
taneously change from VDD to GND. In the worst case, the
total charge provided by the sense amplifier coupled to the
output data line DL, can be characterized as 2x2xCCxVDD.

One of the factor of 2 in 2x2xCCx VDD is for the fact that
the sense amplifier simultaneously charges two parasitic
capacitances coupled to an output data line. The other factor
of 2 is for the fact that, during the charging process, a first
direction of voltage change (e.g. from GND to VDD) at first
terminals of the two terminals of both parasitic capacitances
is opposite a second direction of voltage change (e.g. from
VDD to GND) at second terminals of the two terminals of
both parasitic capacitances. Opposite directions can also
include a first direction of voltage change from VDD to GND
at the first terminals, and a second direction of voltage change
from GND to VDD at the second terminals. Consequently, the
maximum total voltage swing between two terminals of each
of the two parasitic capacitance is 2xVDD.

FIG. 4 is a schematic diagram illustrating an embodiment
of precharge circuits configured to apply a precharge voltage
on output data lines in a memory device in accordance with
the present invention. The memory device includes an array
of memory cells. The memory device includes a plurality of
sense amplifiers coupled with the array, a plurality of output
data lines receiving outputs of corresponding sense amplifiers
in the plurality of sense amplifiers, and a plurality of pre-
charge circuits configured to apply a precharge voltage on the
output data lines. The output data lines carry sensed data from
outputs of sense amplifiers to data output multiplexers 493.
Data output multiplexers 493 select sensed data on 128 output
data lines from a memory bank, and provide sensed data from
a subset of the 128 output data lines to output drivers 497 via
data lines 495.

In the example shown in FI1G. 4, a memory device includes
a plurality of output data lines including output data lines
pL,DL,,...,DL,_,DL,,,,...,DL,,,, and DL 5. In
embodiments, the number of output data lines can be 64, 128,
256 etc, corresponding to the number of columns ina memory
array. Each output data line is coupled to at least an output of
a sense amplifier. For instance, output data lines DL, DL,
DbL,_,,DL,,DL,,,,,DL,,,, and DL, are coupled to outputs
of sense amplifiers 421-427. FIG. 4 illustrates parasitic
capacitances 441-446 between output data lines DL,
DL,,...,DL,_,DL,,DL,,,,...,DL,,,, and DL ,5. As an
example, parasitic capacitance 441 is between adjacent out-
put data lines DL, and DL, and parasitic capacitance 446 is
between adjacent output data lines DL, ,, and DL 55.

In the example shown in FIG. 4, each of the sense ampli-
fiers 421-427 has a sense node V ; ;, a second input coupled
to a reference voltage V., and an output driving an output
data line. The sense node V;; is coupled to a selected
memory cell in a memory array. A sensing signal SAEN and
an output control signal SAOUT are coupled to each of the
sense amplifiers 421-427.

In this embodiment, a precharge circuit (e.g. 451) is
coupled to an output data line (e.g. DL)) in the plurality of
output data lines. The precharge circuit includes a first termi-
nal coupled to a precharge voltage (e.g. VDD), a second
terminal coupled to the output data line (e.g. DL, ), and a gate
terminal coupled to a precharge signal PRESETB provided
by a controller. In the example shown in FIG. 4, precharge
circuits 451-457 are coupled to output data lines DL, DL,
DL,_,,DL,, DL, ,, DL,,,, and DL 4, respectively.

40

45

50

6

Electrically, the output data line switches between a first
voltage level VDD corresponding to data at logic high and a
second voltage level GND corresponding to data at logic low.
Although the precharge voltage is shown at VDD in FIG. 4,
the precharge voltage coupled to the first terminal of the
precharge circuit can be at VDD or GND.

Although only PMOS transistors are shown for precharge
circuits (e.g. 451) in FIG. 4, precharge circuits can include
PMOS transistors, NMOS transistors, or CMOS transistors.
If a precharge circuit includes a CMOS transistor, the pre-
charge circuit has a second gate terminal coupled to a comple-
mentary precharge signal provided by the controller.

FIG. 5 is a schematic diagram illustrating an example of
output data lines driven by sense amplifiers and coupled to
precharge circuits with control signals in a memory device.
The memory device includes a controller that provides the
control signals including a sensing signal SAEN, an output
control signal SAOUT, and a precharge signal PRESETB.
The precharge signal is generated in coordination with at least
one of the sensing signal SAEN and the output signal to
ensure that precharging operations by precharge circuits are
carried out simultaneously with sensing operations by sense
amplifiers such that the precharging operations do not
increase timing delays on output data lines between sense
amplifiers that drive the output data lines and data output
multiplexers (e.g. 193, FIG. 1) that receive data on the output
data lines.

The controller enables the sense amplifiers (e.g. 424, 425)
in the plurality of sense amplifiers to sense data at data inputs
(e.g. Vg ,) of the sense amplifiers (e.g. 424, 425) during a
sensing interval starting at a first time, for example via the
sensing signal SAEN. The controller enables the sense ampli-
fiers (e.g. 424, 425) to output sensed data to the output data
lines (e.g. DL,,, DL, , | ) at asecond time subsequent to the first
time, for example via the output control signal SAOUT. The
controller enables the precharge circuits (e.g. 454, 455) to
precharge the output data lines (e.g. DL,, DL, , ) during a
precharge interval prior to the second time, for example via
the precharge signal PRESETB. The precharge interval can
be shorter than or equal to the sensing interval.

In the example shown in FIG. 5, the precharge signal PRE-
SETB is generated as a function of at least one of the sensing
signal SAEN and the output control signal SAOUT, for
example by a sub-circuit 560. The sub-circuit 560 uses a
NAND gate 563 and an inverter or a NOT gate 561. The
function of the precharge signal can be expressed as: PRE-
SETB=(SAEN NAND (NOT SAOUT)). Those of ordinary
skill in the art can readily devise variations to the function.
Example timing relationship between the precharge signal
PRESETB and the sensing signal SAEN and the output con-
trol signal SAOUT is illustrated in FIGS. 6, 7, 9, and 10.

In the example shown in FIG. 5, two sense amplifiers 424
and 425 illustrate more details than in FIG. 4. Each of the
sense amplifiers has a sense node V., ;, a second input
coupled to areference voltage V5, and an output connected
to an output data line. A sense node V., is coupled to a
selected memory cell in the memory array. The sensing signal
SAEN and the output control signal SAOUT are coupled to
the sense amplifiers 424 and 425. Precharge circuits 454 and
455 are coupled to output data lines DI, and DL, , |, respec-
tively. A parasitic capacitance 444 is shown between the
output data lines DL,, and DL, ;.

Although the sensing signal SAEN and the output control
signal SAOUT are illustrated as controlling only two sense
amplifiers, in embodiments a sensing signal and an output
signal can control more sense amplifiers, such as 32, 64, 128
sense amplifiers in one memory bank, and even sense ampli-



US 9,412,425 B2

7

fiers in multiple banks. Similarly, although the precharge
signal PRESETB is illustrated as controlling only two pre-
charge circuits, in embodiments a precharge signal can con-
trol more precharge circuits, such as 32, 64, 128 precharge
circuits in one memory bank, and even precharge circuits in
multiple banks.

Sense amplifier 424 includes a sensing circuit 541 and an
output buffer circuit 547. Sensing circuit 541 senses a voltage
difference between the sense node Vz;; and the reference
voltage V.- that represents a data value, such as binary 1 or
0, stored in a memory cell. Sensing circuit 541 provides
sensed data 545 to an input of the output buffer circuit 547.
The output buffer circuit 547 then amplifies the sensed data
545 to a logic level suitable for further processing in a
memory device, and outputs the sensed data to the output data
line DL, The output data line DL, is coupled to circuit
elements such as data output multiplexers 193 (FIG. 1).

Similarly, sense amplifier 425 includes a sensing circuit
551 and an output buffer circuit 557. Sensing circuit 551
senses a voltage difference between the sense node WELL
and the reference voltage V- that represents a data value,
such as binary 1 or 0, stored in a memory cell. Sensing circuit
551 provides sensed data 555 to an input of the output buffer
circuit 557. The output buffer circuit 557 then amplifies the
sensed data 555 to a logic level suitable for further processing
in a memory device, and outputs the sensed data to the output
data line DL, ,. The output data line DL, is coupled to
circuit elements such as data output multiplexers 193 (FIG.
1).

Parasitic capacitance between an output data line (e.g.
DL,,) and an adjacent output data line (e.g. DL, ;) can be 0.5
pF for example, and combined parasitic capacitance between
an output data line (e.g. DL, and two adjacent output data
lines (e.g. DL,,_;, DL, , ) can be 1.0 pF. A total loading on an
output data line can be 1.4 pF for example, including loading
at inputs of the data output multiplexers and the combined
parasitic capacitance between output data lines. Thus in com-
parison to the total loading, extra timing delay due to parasitic
capacitance can be significant in data transfer.

FIGS. 6 and 7 are timing diagrams for the embodiment of
precharge circuits illustrated in FIGS. 4 and 5. In the
examples shown in FIGS. 6 and 7, data on output data lines
DL,,_,, DL,, and DL,,, , switch between a first voltage level
VDD corresponding to data at logic high and a second voltage
level GND corresponding to data at logic low. FIG. 6 illus-
trates a sensing interval P1 between the transition 610 from
logic low to logic high in the sensing signal SAEN at a first
time t1, and the transition 620 from logic low to logic high in
the output control signal SAOUT at a second time t2 subse-
quent to the first time t1. Alternatively, the transition in the
sensing signal SAEN can be from logic high to logic low, and
the transition in the output control signal SAOUT can be from
logic high to logic low.

FIG. 6 illustrates a precharge interval P2 shorter than or
equal to the sensing interval P1 starting at or after the first time
t1, and ends at or before the second time t2. In the example
shown in FIG. 6, the precharge interval P2 is between the
transition 630 from logic high to logic low, and the transition
640 from logic low to logic high in the precharge signal
PRESETB. Alternatively, the transition 630 can be from logic
low to logic high, and the transition 640 can be from logic
high to logic low. In other embodiments, the precharge inter-
val P2 for a current read cycle can start before the first time t1
for a current read cycle and after the second time 12 for an
immediate previous read cycle if outputs of the sense ampli-
fiers are not driving the data output lines between the second
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time t2 for the immediate previous read cycle and the first
time t1 for the current read cycle.

In the example shown in FIG. 6, during an initial interval
that ends at the first time t1, data on output data lines DL,,,_,,
DL,, DL, are retained from previous sensing operations.
During the sensing interval P1 between the first time t1 and
the second time t2, the sense amplifier is enabled to sense data
at data inputs of the sense amplifier in response to the sensing
signal SAEN. During the precharge interval P2, data on out-
put data lines DL,,_,, DL, DL,,,, change from voltage levels
retained from previous sensing operations to a precharge
voltage 650 in response to the precharge signal PRESETB. In
the example shown in FIG. 6, the precharge voltage 650 is at
about a voltage level VDD corresponding to data at logic
high. In another embodiment, the precharge voltage can be at
about a voltage level GND corresponding to data at logic low.

The precharge signal PRESETB can turn on a precharge
circuit (e.g. 454, FIG. 4) coupled to an output data line (e.g.
DL,, FIG. 4) during the precharge interval P2, and turn off the
precharge circuit before and after the precharge interval P2.
When the precharge circuit is turned on, the output data line
coupled to the precharge circuit is precharged from a voltage
level retained from previous sensing operations to a precharge
voltage. The precharge voltage can include VDD and GND.

For instance, the first terminal of the precharge circuit 454
is coupled to the precharge voltage 650 at VDD (FIG. 4), and
correspondingly the output data line DL (FIG. 5) is pre-
charged to the precharge voltage 650 at VDD by the second
time t2. Alternatively, if the first terminal of the precharge
circuit 454 is coupled to a precharge voltage at GND, then
correspondingly the output data line DL, is precharged to
GND by the second time t2.

After the second time t2, the output data line is driven from
the precharge voltage 650 at VDD to an output voltage level
corresponding to data sensed at the sense node V., of the
sense amplifier driving the output data line. The output volt-
age level includes VDD and GND.

As described in connection with FIG. 3 for the prior art, a
worst case in transfer timing occurs for the output data line
DL,, when the output data lines DL, , and DL, have a
direction of voltage change (e.g. from VDD to GND) opposite
a direction of voltage change for DL, (e.g. from GND to
VDD). In reference to FIG. 4, the parasitic capacitance 443 is
between output data lines DL, _, and DL,,, and the parasitic
capacitance 444 is between output data lines DL, and DL, , ;.

In the example shown in FIG. 6, data on output data lines
DL, _,,and DL, change from VDD before the first time t1 to
GND after the second time t2, while DL, changes from GND
before the first time t1 to VDD after the second time t2.
During the precharge interval P2, data on output data lines
DL,,_,, DL, and DL, change to a precharge voltage 650 at
about a voltage level VDD corresponding to data at logic
high, regardless of the voltage levels retained from previous
sensing operations. Consequently, after the second time t2
when the output control signal SAOUT is asserted, data on
output data line DL, remains unchanged at VDD, reducing
the need for charging the respective parasitic capacitances
(e.g. 443 and 444, F1G. 4) and thus reducing the timing delay
after the second time t2.

Description about the timing diagram in FIG. 6 is generally
applicable to the timing diagram in FIG. 7. In the example
shown in FIG. 7, data on output data line DL.,_, changes from
GND before the first time t1 to VDD after the second time t2,
data on output data line DL, starts at GND before the first time
t1 and ends at GND after the second time t2, while data on
output data line DL, , , starts at VDD before the first time t1
and ends at VDD after the second time t2. During the pre-
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charge interval P2, data on output data lines DL,,,_,, DL, and
DL,,,, change to a precharge voltage 750 at about a voltage
level VDD corresponding to data at logic high, regardless of
the voltage levels retained from previous sensing operations.
Consequently, after the second time t2 when the output con-
trol signal SAOUT is asserted, data on output data lines
DL,,_, and data on output data line DL, ; remain unchanged
at VDD.

In the examples shown in both FIG. 6 and FIG. 7, voltage
changes from VDD to GND only at one terminal of the
parasitic capacitance 443 between output data lines DL,,_,
and DL, and only at one terminal of the parasitic capacitance
444 between output data lines DL, and DL, ,, resulting in a
charge of 2xCCxVDD for both examples in FIG. 6 and FIG.
7, which is reduced from the worst case charge of 2x2xCCx
VDD for the prior art as described in connection with FIG. 3.

Thus in the present embodiment, the sense amplifier
coupled to the output data line DL,, consumes less charge to
drive the output data line DL, to a different voltage level than
in the prior art under the same worst case scenario. The charge
consumed in the worst case can be reduced from 2x2xCCx
VDD to 2xCCxVDD, where CC is the capacitance of a para-
sitic capacitance, and the factor of 2 in 2xCCxVDD accounts
for the fact that the parasitic capacitances on both sides of an
output data line are simultaneously charged.

In the example shown in FIG. 6, data transitions corre-
spond to a worst case occurring with the prior art described in
connection with FIG. 3. In the example shown in FIG. 7, data
transitions illustrate a case other than the worst case. In both
cases, the charge consumed is about 2xCCxVDD, or half of
the charge consumed for the worst case with the prior art.

FIG. 81s a schematic diagram illustrating a second embodi-
ment of precharge circuits configured to apply a precharge
voltage on output data lines in amemory device in accordance
with the present invention. The memory device includes an
array of memory cells. The memory device includes a plural-
ity of sense amplifiers coupled with the array, a plurality of
output data lines receiving outputs of corresponding sense
amplifiers in the plurality of sense amplifiers, and a plurality
of precharge circuits configured to apply a precharge voltage
on the output data lines. The output data lines carry sensed
data from outputs of sense amplifiers to data output multi-
plexers 893. Data output multiplexers 893 select sensed data
on 128 output data lines from a memory bank, and provide
sensed data from a subset of the 128 output data lines to
output drivers 897 via data lines 895.

In the example shown in FIG. 8, a memory device includes
a plurality of output data lines including output data lines
pL,,DL,,...,DL,_,,DL ,DL,,,,...,DL,5,, and DL .
In embodiments, the number of output data lines can be 64,
128, 256 etc, corresponding to the number of columns in a
memory array. Each output data line is coupled to at least an
output of a sense amplifier. For instance, output data lines
bL,,bL,, DL, ,,DL,,DL,,,,DL,,,,and DL, are coupled
to outputs of sense amplifiers 821-827. FIG. 8 illustrates
parasitic capacitances 841-846 between output data lines
pL,,DL,,...,DL,_,,DL,.DL,,,,DL,,,, and DL, ,5. As an
example, parasitic capacitance 841 is between adjacent out-
put data lines DL, and DL, and parasitic capacitance 846 is
between adjacent output data lines DL, ,, and DL 55.

In the example shown in FIG. 8, each of the sense ampli-
fiers 821-827 has a sense node V ; s, a second input coupled
to a reference voltage V., and an output driving an output
data line. The sense node V;; is coupled to a selected
memory cell in a memory array. A sensing signal SAEN and
an output control signal SAOUT are coupled to each of the
sense amplifiers 821-827.
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In this embodiment, a precharge circuit (e.g. 851) has a first
terminal coupled to an output data line (e.g. DL,), a second
terminal coupled to an adjacent output data line (e.g. DL,) in
the plurality of output data lines, and a gate terminal coupled
to the precharge signal PRESETB. As illustrated in FIG. 8,
precharge circuits 851-856 are coupled to output data lines
pL,, DL, DL, ,,DL,,DL, ,,DL,,., and DL .

In the example shown in FIG. 8, the precharge circuit (e.g.
851) is a CMOS transistor which has a second gate terminal
coupled to a complementary precharge signal PRESET pro-
vided by the controller. The complementary precharge signal
has a polarity opposite the polarity of the precharge signal.
Alternatively, the precharge circuit can be a PMOS transistor,
or an NMOS transistor.

FIGS. 9 and 10 are timing diagrams for the embodiment of
precharge circuits illustrated in FIG. 8. In the examples
shown in FIGS. 9 and 10, data on output data lines DL,,_,
DL,, and DL,,,, switch between a first voltage level VDD
corresponding to data at logic high and a second voltage level
GND corresponding to data at logic low. FIG. 9 illustrates a
sensing interval P1 between the transition 610 from logic low
to logic high in the sensing signal SAEN at a first time t1, and
the transition 620 from logic low to logic high in the output
control signal SAOUT at a second time t2 subsequent to the
first time t1. Alternatively, the transition in the sensing signal
SAEN can be from logic high to logic low, and the transition
in the output control signal SAOUT can be from logic high to
logic low.

FIG. 9 illustrates a precharge interval P2 shorter than or
equal to the sensing interval P1 starting at or after the first time
t1, and ends at or before the second time t2. In the example
shown in FIG. 9, the precharge interval P2 is between the
transition 630 from logic high to logic low in the precharge
signal PRESETB, and the transition 640 from logic low to
logic high in the precharge signal PRESETB. Alternatively,
the transition 630 can be from logic low to logic high, and the
transition 640 can be from logic high to logic low. FIG. 9 also
illustrates a complementary precharge signal PRESET gen-
erated by the controller and having a polarity opposite the
polarity of the precharge signal PRESETB.

In the example shown in FIG. 9, during an initial interval
that ends at the first time t1, data on output data lines DL, _,,
DL,, and DL,,,, are retained from previous sensing opera-
tions. During the sensing interval P1 between the first time t1
and the second time t2, sense amplifiers are enabled to sense
data at data inputs of the sense amplifiers in response to the
sensing signal SAEN. During the precharge interval P2, data
on output data lines DL,,_,, DL,,, and DL, ,, change from
voltage levels retained from previous sensing operations to a
precharge voltage 950 in response to the precharge signal
PRESETB and the complementary precharge signal PRE-
SET. As shown in FIG. 9, the precharge voltage 950 is at a
voltage level between a first voltage level VDD correspond-
ing to data at logic high and a second voltage level GND
corresponding to data at logic low, depending on the voltage
levels retained from previous sensing operations on the out-
put data lines.

The precharge signal PRESETB and the complementary
precharge signal PRESET can turn on a precharge circuit (e.g.
854, FIG. 8) coupled to two adjacent output data lines (e.g.
DL, and DL, , ,, FIG. 8) during the precharge interval P2, and
turn off the precharge circuit before and after the precharge
interval P2. When precharge circuits are turned on, output
data lines (e.g. DL,,_,, DL, and DL,,, , ) are precharged from
voltage levels retained from previous sensing operations to
the precharge voltage 950. Since the output data lines (e.g.
bL,, DL,,DL,_,, DL,, DL,,,,, DL,,-, and DL, ,5) are con-
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nected via the precharge circuits (e.g. 851-856) when the
precharge circuits are turned on, the precharge voltage 950
can be at an “equalized” voltage level between the voltage
level VDD corresponding to data at logic high and the voltage
level GND corresponding to data at logic low, depending on
the respective voltage levels retained on output data lines
from previous sensing operations.

After the sensing interval P1, the output data line is driven
from the precharge voltage 950 to an output voltage level
corresponding to data sensed at the sense node V-, ; of the
sense amplifier driving the output data line. The output volt-
age level includes VDD and GND.

Description about the timing diagram in FIG. 9 is generally
applicable to the timing diagram in FIG. 10. In the example
shown in FIG. 10, during an initial interval that ends at the
first time t1, data on output data lines DL,,_,,DL,,and DL, ,,
are retained from previous sensing operations. During the
sensing interval P1 between the first time t1 and the second
time t2, sense amplifiers are enabled to sense data at data
inputs of the sense amplifiers in response to the sensing signal
SAEN. During the precharge interval P2, data on output data
lines DL.,_,, DL, DL, ,, change from voltage levels retained
from previous sensing operations to a precharge voltage 1050
in response to the precharge signal PRESETB and the
complementary precharge signal PRESET. As shown in FIG.
10, the precharge voltage 1050 is at a voltage level between a
first voltage level VDD corresponding to data at logic high
and a second voltage level GND corresponding to data at
logic low, depending on the voltage levels retained from
previous sensing operations on the output data lines.

In the examples shown in FIGS. 9 and 10, after the sensing
interval P1, data on output data lines DL.,,_,, DL, and DL, ,
change from an “equalized” voltage level 950 between VDD
and GND to output voltage levels corresponding to sensed
data, thus reducing amplitudes of voltage swings during data
transfer from full amplitudes of voltage swings between VDD
and GND, and thus improving reading speed on memory
cells.

Consequently, in the present embodiment, a sense ampli-
fier (e.g. 824 FIG. 8) coupled to an output data line (e.g. DL,
FIG. 8) consumes less charge to drive the output data line to
a different voltage level than in the prior art under the same
worst case scenario. The charge consumed in the worst case
can be reduced from 2x2xCCxVDD to 2xCCxVDD, where
CC is the capacitance of a parasitic capacitance. The reduc-
tion from 2x2 to 2 is due to the fact that the maximum total
voltage swing between two terminals of a parasitic capaci-
tance is reduced to VDD from 2xVDD as described for the
worst case example shown in FIG. 3.

In the example shown in FIG. 9, data transitions corre-
spond to a worst case occurring with the prior art described in
connection with FIG. 3. Inthe example shown in FIG. 10, data
transitions illustrate a case other than the worst case. In both
cases, the charge consumed is about 2xCCxVDD, or half of
the charge consumed for the worst case with the prior art.

In the embodiments described herein, precharging opera-
tions are performed on output data lines driven by sense
amplifiers during a precharge interval shorter than or equal to
a sensing interval during which the sense amplifiers perform
sensing operations. Typically, sensing operations are more
complex and require longer time than precharging operations.
For instance, sensing time can be 60 ns and precharge time
can be 10 ns. Due to multiplicity of output data lines (e.g. 128
per bank, FIG. 1) presented to layout, output data lines are
likely to have varying lengths and consequently varying
capacitances. Since sensing operations require longer time
than precharging operations, precharging operations are
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likely to complete even on output data lines with varying
lengths in the precharge interval shorter than the sensing
interval. Consequently, the precharging operations do not
impact data rates in reading memory cells using the output
data lines.

FIG. 11 is a simplified block diagram of a memory device
according to an embodiment. The integrated circuit 1100
includes a memory array 1160 on an integrated circuit sub-
strate. A row decoder 1140 is coupled to a plurality of word
lines 845, and arranged along rows in the memory array 1100.
A column decoder 1170 is coupled to a plurality of bit lines
1165 arranged along columns in the memory array 1160 for
reading and programming data from the memory cells in the
array 1160. A bank decoder 1150 is coupled to a plurality of
banks in the memory array 1160 on bus 1155. Addresses are
supplied on bus 1130 to column decoder 1170, row decoder
1140 and bank decoder 1150. Sense amplifiers and data-in
structures in block 1180 are coupled to the column decoder
1170 in this example via data bus 1175. Data is supplied via
the data-in line 1105 from input/output ports on the integrated
circuit 1100 or from other data sources internal or external to
the integrated circuit 1100, to the data-in structures in block
1180.

In the example shown in FIG. 11, data output multiplexers
1193 have inputs coupled to the output data lines 1185, pre-
charge circuits 1190 are coupled to the output data lines 1185
between outputs of the sense amplifiers in the block 1180 and
data output multiplexers 1193. Output drivers 1197 have
inputs coupled to outputs of the data output multiplexers 1193
via data lines 1195. Data output multiplexers 1193 select
sensed data on the output data lines 1185 from one of the
memory banks in the memory array 1160. Output drivers
1197 drive selected sensed data to destinations external to the
integrated circuit 1100.

For instance, a memory device can have N banks of
memory cells and each bank can include 128 columns
coupled to 128 output data lines. The data output multiplexers
1193 can select data from 128 output data lines of one
memory bank, and the output drivers 1197 can output data
from some of the 128 output data lines.

Inthe example shown in FIG. 11, a controller 1110 controls
the sense amplifiers in the block 1180 and the precharge
circuits 1190, including to cause the precharge circuits 1190
to precharge the output data lines 1185 before the sense
amplifiers drive output data signals to the output data lines
1185. In the example shown in FIG. 11, the controller 110
provides control signals that can include a sensing signal
1111, an output signal 1112, and a precharge signal 1113. The
precharge signal is generated as a function of at least one of
the sensing signal 1111 and the output signal 1112. The
controller 1110 enables sense amplifiers in the plurality of
sense amplifiers to sense data at data inputs of the sense
amplifier during a sensing interval starting at a first time via
the sensing signal 1111. The controller 1110 enables the
sense amplifiers to output sensed data to the output data lines
at a second time subsequent to the first time via the output
signal 1112. The controller enables the precharge circuits in
block 1190 to precharge output data lines 1185 during a
precharge interval prior to the second time via the precharge
signal 1113.

The controller 1110 using a bias arrangement state
machine controls the application of bias arrangement supply
voltage generated or provided through the voltage supply or
supplies in block 1120, such as read and program voltages.
The controller 1110 can be implemented using special-pur-
pose logic circuitry as known in the art. In alternative embodi-
ments, the controller comprises a general-purpose processor,
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which can be implemented on the same integrated circuit,
which executes a computer program to control the operations
of the device. In yet other embodiments, a combination of
special-purpose logic circuitry and a general-purpose proces-
sor can be utilized for implementation of the controller.

In the example shown in FIG. 11, precharge circuits in
block 1190 are coupled to the outputs of sense amplifiers in
block 1180 via output data lines 1185. The controller 1110
provides a precharge signal 1113 coupled to the precharge
circuits in block 1190. The precharge signal 1113 turns on the
precharge circuits in block 1190 during a precharge interval,
and turns off the precharge circuits before and after the pre-
charge interval.

In general, the embodiments of methods and devices
described herein for improving reading speed on output data
lines of sense amplifiers can be applied to data lines placed
closely together in integrated circuits for other functions.

While the present invention is disclosed by reference to the
preferred embodiments and examples detailed above, it is to
be understood that these examples are intended in an illustra-
tive rather than in a limiting sense. It is contemplated that
modifications and combinations will readily occur to those
skilled in the art, which modifications and combinations will
be within the spirit of the invention and the scope of the
following claims.

What is claimed is:

1. A memory device, comprising:

an array of memory cells;

a plurality of sense amplifiers coupled with the array;

a plurality of output data lines connected to outputs of
corresponding sense amplifiers in the plurality of sense
amplifiers, the sense amplifiers driving voltages corre-
sponding to sensed data values on the output data lines;

a plurality of precharge circuits configured to apply a pre-
charge voltage on the output data lines, wherein the
precharge circuits precharge the output data lines before
the sense amplifiers drive output data signals to the out-
put data lines; and

acontroller that provides control signals to the sense ampli-
fiers in the plurality of sense amplifiers and to the pre-
charge circuits in the plurality of precharge circuits,

wherein the controller enables the sense amplifiers to sense
data at data inputs of the sense amplifiers during a sens-
ing interval starting at a first time and ending at a second
time subsequent to the first time, and enables the pre-
charge circuits to precharge the output data lines during
a precharge interval starting at or after the first time and
ending prior to the second time.

2. The memory device of claim 1, wherein the controller
enables the sense amplifiers to output sensed data to the
output data lines at the second time.

3. The memory device of claim 1, wherein the plurality of
sense amplifiers includes a plurality of banks of sense ampli-
fiers, and each bank includes a sense amplifier having an
output driving each output data line in the plurality of output
data lines.

4. The memory device of claim 1, including a data output
multiplexer which couples selected subsets of the plurality of
output data lines to a multiplexer output, and said precharge
circuits being coupled to the output data lines between the
sense amplifier outputs and the inputs of the data output
multiplexer.

5. The memory device of claim 1, wherein the precharge
interval is shorter than or equal to the sensing interval.

6. The memory device of claim 1, wherein the precharge
interval ends at or before the second time.

25

40

45

50

55

14

7. The memory device of claim 1, wherein a precharge
circuit in the plurality of precharge circuits includes a first
terminal coupled to the precharge voltage, a second terminal
coupled to an output data line in the plurality of output data
lines, and a gate terminal coupled to the controller.

8. The memory device of claim 7, wherein the precharge
circuit includes a CMOS transistor, and the CMOS transistor
has a second gate terminal coupled to the controller.

9. The memory device of claim 1, comprising:

a circuit that generates a precharge signal from at least one

of the control signals,

wherein a precharge circuit in the plurality of precharge
circuits includes a first terminal coupled to the precharge
voltage, a second terminal coupled to an output data line
in the plurality of output data lines, and a gate terminal
coupled to the precharge signal.

10. The memory device of claim 7, comprising:

a circuit that generates a second precharge signal from at
least one of the control signals,

wherein the precharge circuit includes a CMOS transistor,
and the CMOS transistor has a second gate terminal
coupled to the second precharge signal.

11. The memory device of claim 1, wherein a precharge
circuit in the plurality of precharge circuits includes a first
terminal coupled to an output data line in the plurality of
output data lines, a second terminal coupled to an adjacent
output data line in the plurality of output data lines, and a gate
terminal coupled to the controller.

12. The memory device of claim 11, wherein the precharge
circuit includes a CMOS transistor, and the CMOS transistor
has a second gate terminal coupled to the controller.

13. The memory device of claim 1, comprising:

a circuit that generates a precharge signal from at least one

of the control signals,

wherein a precharge circuit in the plurality of precharge
circuits includes a first terminal coupled to an output
data line in the plurality of output data lines, a second
terminal coupled to an adjacent output data line in the
plurality of output data lines, and a gate terminal coupled
to the precharge signal.

14. The memory device of claim 11, comprising:

a circuit that generates a second precharge signal from at
least one of the control signals,

wherein the precharge circuit includes a CMOS transistor,
and the CMOS transistor has a second gate terminal
coupled to the second precharge signal.

15. The memory device of claim 1, wherein the precharge
voltage includes a voltage level corresponding to data at logic
high.

16. The memory device of claim 1, wherein the precharge
voltage includes a voltage level corresponding to data at logic
low.

17. The memory device of claim 1, wherein the precharge
voltage is at a voltage level between a first voltage level
corresponding to data at logic high and a second voltage level
corresponding to data at logic low.

18. The memory device of claim 1, including:

a data output multiplexer coupled to the plurality of output
data lines to select from among output data lines in the
plurality of output data lines carrying sensed data; and

output drivers that drive selected sensed data from the data
output multiplexer to destinations external to the
memory device.

19. A method for sensing data in a memory device, the
memory device comprising an array of memory cells, a plu-
rality of sense amplifiers coupled with the array, a plurality of
output data lines connected to outputs of corresponding sense
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amplifiers in the plurality of sense amplifiers, the sense ampli-
fiers driving voltages corresponding to sensed data values on
the output data lines, and a plurality of precharge circuits
configured to apply a precharge voltage on the output data
lines, the method comprising:
controlling the sense amplifiers in the plurality of sense
amplifiers and the precharge circuits, including enabling
the sense amplifiers in the plurality of sense amplifiers to
sense data at data inputs of the sense amplifiers during a
sensing interval starting at a first time and ending at a
second time subsequent to the first time; and enabling
the precharge circuits to precharge the output data lines
during a precharge interval starting at or after the first
time and ending prior to the second time.
20. The method of claim 19, the controlling comprising:
outputting sensed data to the output data lines starting at the
second time.
21. The method of claim 19, wherein the precharge interval
is shorter than or equal to the sensing interval.
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22. The method of claim 19, wherein the precharge interval
ends at or before the second time.

23. The method of claim 19, wherein the enabling the
precharge circuits includes turning on a precharge circuit in
the plurality of precharge circuits during the precharge inter-
val, and turning off the precharge circuit before and after the
precharge interval.

24. The method of claim 19, further comprising selecting
sensed data on the output data lines, and outputting the
selected sensed data.

25. The method of claim 19, wherein the precharge voltage
includes a voltage level corresponding to data at logic high.

26. The method of claim 19 wherein the precharge voltage
includes a voltage level corresponding to data at logic low.

27. The method of claim 19, wherein the precharge voltage
is at a voltage level between a first voltage level correspond-
ing to data at logic high and a second voltage level corre-
sponding to data at logic low.

#* #* #* #* #*



